Background & Aims: Beta-blockers are extensively used to prevent variceal bleeding in patients with large esophageal varices. It is not established if beta-blockers delay the growth of small varices. Methods: A total of 161 patients with cirrhosis and small esophageal varices (F1 according to the classification of Beppu et al.) without previous bleeding were enrolled. A total of 83 patients were randomized to nadolol (dose adjusted to decrease resting heart rate by 25%; mean dose given, 62 ؎ 25 mg/day) and 78 to placebo. The principal end point was occurrence of large esophageal varices (F2 or F3 according to the classification of Beppu et al.). Endoscopic examination was performed after 12, 24, 36, 48, and 60 months of follow-up. Mean follow-up was 36 months. Results: The 2 groups were well matched for demographic and clinical characteristics. During the study period, 9 patients randomized to nadolol and 29 randomized to placebo had growth of esophageal varices. At the end of follow-up, the cumulative risk was 20% versus 51% (P < 0.001) (absolute risk difference, 31%; 95% confidence interval, 17%-45%). When possible confounding factors were taken into account, treatment was a significant factor predicting growth of varices (odds ratio, 4.0; 95% confidence interval, 1.95-8.4). The cumulative probability of variceal bleeding was also lower in patients randomized to nadolol (P ‫؍‬ 0.02). Survival was not different (P ‫؍‬ 0.33). Adverse effects resulting in withdrawal of drug occurred in 9 in the nadolol group and one in the placebo group (P ‫؍‬ 0.01).
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Conclusions: This study suggests that beta-blocker prophylaxis of variceal bleeding in patients with compensated cirrhosis should be started when small esophageal varices are present. P ortal hypertension is an important complication in the course of liver cirrhosis, leading to formation of esophageal varices and eventually to variceal bleeding. 1 The natural history of portal hypertension is characterized by formation of varices, progression of varices from small to large, and variceal rupture with upper gastrointestinal bleeding, which carries an elevated risk of death. 2 Small esophageal varices show a tendency to grow to large esophageal varices; the rate of growth is variable according to the few published series. [3] [4] [5] [6] As a rule, varices grow to large varices before bleeding, and most bleedings occur when varices have already reached the stage of large varices. Although no definite evidence is available, there is general agreement that the occurrence of variceal bleeding while varices are still small is very low. 7 It is clearly established that beta-blocker prophylaxis decreases the risk of developing a first variceal bleeding in patients with large esophageal varices. 8, 9 A series of studies have suggested that early treatment with betablockers inhibits the development of collateral circulation in experimental portal hypertension. 10 -12 The clinical usefulness of beta-blockers in preventing the growth of small varices to large ones is still uncertain. A single study performed in a mixed group of patients without varices or with small esophageal varices did not show any benefit. 13 Therefore, there is general agreement that more clinical data are needed to define this point. 7 In 1995, we started a multicenter randomized clinical trial aimed at evaluating beta-blockers as a treatment preventing the progression of small to large esophageal varices. A preliminary interim analysis, which showed that the study plan should be completed, was presented in 1998. 14 The present report contains the final results of this trial.
Patients and Methods
The study was a multicenter randomized clinical trial coordinated by the Department of Clinical and Experimental Medicine of the University of Padua (Padua, Italy). Seven further departments of medicine of general hospitals in the northeastern part of Italy participated in the study.
Patients
From December 1996 to April 2000, 161 patients with cirrhosis observed in the participating centers were included in the study if they fulfilled the following inclusion criteria: (1) a clinical or histologic diagnosis of cirrhosis, (2) age between 18 and 70 years, (3) presence of esophageal varices endoscopically classified as F1 without red signs according to Beppu et al. 15 (i.e., small straight varices, minimally elevated on the esophageal mucosal surface), (4) informed consent to participate in the study, and (5) absence of the following exclusion criteria: previous variceal bleeding; previous medical, surgical or endoscopic treatment for portal hypertension; Child-Pugh score 16 Ͼ11; neoplastic disease in any site; inability to perform follow-up; and a contraindication to betablockers. According to the exclusion criteria, 142 patients with F1 varices had to be excluded.
The study was a single-blind, 2-arm, randomized clinical trial comparing nadolol with placebo in the prevention of growth of small esophageal varices. The single-blind study design was chosen because it was considered unrealistic that blindness could be kept using a drug with evident clinical effects and because dose adjustments during follow-up were expected to be necessary to maintain the requested effect on heart rate. Randomization was generated by tables of random numbers, stratified by participating centers, prepared at the University of Padua, and administered by opaque sealed and consecutively numbered envelopes containing randomization. Immediately after randomization, patients started treatment. The protocol conformed to the Helsinki Declaration of 1975, as revised in 1983, and was approved by the ethics committee of the medical faculty of the University of Padua. Written informed consent was obtained from every patient according to a predefined pro-forma. According to the randomization, 83 patients were assigned to nadolol and 78 to placebo (Table 1) .
Patients randomized to nadolol were treated with increasing doses of drug starting from 40 mg/day in a single daily administration, according to the resting heart rate, with a target of a 25% decrease or a heart rate of 50 bpm. Patients randomized to placebo received consecutively a single tablet of placebo.
Patients were seen as outpatients every month for 3 months and then every 6 months and were admitted to the hospital when clinically indicated. All gastrointestinal bleedings were investigated by endoscopy (performed within 24 hours of occurrence). Biochemical and endoscopic controls were planned after 12, 24, 36, 48, and 60 months of follow-up. All endoscopic examinations were reported according to the classification of Beppu et al. 15 No patient received antiviral therapy during the study period. The study was ended in April 2002, when the first included patients had reached 64 months of follow-up. Mean follow-up was 36 months.
In 10 patients randomized to nadolol and in 9 randomized to placebo enrolled at the coordinating center of the study, hepatic venous pressure gradient (HVPG), an index of the severity of portal hypertension, 17 was measured by hepatic vein catheterization before and after 2 years of treatment according to a procedure described elsewhere. 18 
End Points
The principal end point of the study was the occurrence of large esophageal varices (F2 or F3 with or without red signs according to the classification of Beppu et al.) . Further end points were gastrointestinal bleeding from ruptured esophageal varices, death, adverse effects resulting in withdrawal from treatment, and regression of varices.
Because the occurrence of the main end point may be subject to interobserver and intraobserver variability 19, 20 and may lead to some bias, the following procedures were performed. (1) All involved endoscopists participated in a series of endoscopic training sessions, including discussions of video recordings, to decrease interobserver variability; after this training, the index for the diagnosis of size of varices was 0.71. (2) Patients were followed up in the outpatient clinic by physicians other than the endoscopists performing endoscopic examinations. (3) Endoscopists were kept unaware of the treatment arm to which the patients were randomized. (4) In every patient, endoscopy was always performed by the same endoscopist. (5) If F2 or F3 varices were seen during follow-up, a second endoscopy was always performed after 1 month to confirm the occurrence of the end point. Adverse effects resulting in withdrawal were hypotension with systolic blood pressure Ͻ85 mm Hg, heart failure, asthma, atrioventricular block greater than 1 degree, diabetes with a need for insulin exceeding 20 U/day, hepatic encephalopathy unresponsive to lactulose, and hypersensitivity reactions.
Compliance with treatment was assessed at every follow-up visit by measuring resting heart rate in patients treated with nadolol and in all subjects by asking the patient how many times he or she did not follow the prescribed therapy.
Treatment After Failure
Patients developing large varices were treated after failure with nadolol or associated nadolol plus isosorbide-5-mononitrate according to the clinical decisions of the attending physician. Bleeding from ruptured esophageal varices was treated by combined medical and endoscopic treatment and then with endoscopic treatment until eradication.
Statistics
Data are reported as mean Ϯ SD. Sample size was calculated considering a 45% probability of developing large varices within 3 years in the placebo group and a decrease in this risk to 20% as the minimum clinically significant effect. Considering an ␣ error of 5%, a 1 Ϫ ␤ error of 20%, and a dropout rate of 10%, the number of patients to be included was calculated to be 160. 21 Adequacy of randomization was assessed comparing initial characteristics by Student t test or 2 test when applicable. Results were analyzed according to the intention-to-treat principle. The rates of occurrence of each end point were compared in the placebo and nadolol groups using KaplanMeier plots and compared by Mantel-Cox test. 22 To assess the role of possible confounding factors in the occurrence of end points, Cox's multiple regression analysis was performed. 23 
Results
Randomization resulted in 83 patients in the nadolol group and 78 patients in the placebo group; these 2 groups were well matched for demographic and clinical characteristics (Table 1 and Figure 1) .
During follow-up, 11 patients randomized to nadolol and 10 patients randomized to placebo were lost to follow-up (P ϭ 0.91) after a mean of 8 Ϯ 6 and 11 Ϯ 8 months of follow-up, respectively (range, 3-24 and 3-30 months; P ϭ 0.30).
Nine patients in the nadolol group had to be withdrawn from treatment because of adverse effects (hypotension in 7 patients, asthma in one patient, and heart failure in one patient) compared with one patient in the placebo group (asthma) (P ϭ 0.01). Adverse effects occurred after a mean follow-up of 14 Ϯ 9 months (range, 3-28 months) and disappeared promptly after discontinuation of the drug.
The mean dose of nadolol given was 62 Ϯ 25 mg/day at 1 year (range, 40 -160 mg/day). At 2, 3, 4, and 5 years of follow-up, the mean doses administered were 64 Ϯ 24, 60 Ϯ 25, 61 Ϯ 25, and 64 Ϯ 25 mg/day, respectively. In the nadolol group, heart rate decreased from baseline values of 80 Ϯ 7 to 58 Ϯ 5 at 6 months (P Ͻ 0.001) and remained nearly unchanged after 1, 2, and 3 years of follow-up; in patients randomized to placebo, heart rate showed only a slight decrease at 6 months (79 Ϯ 7 vs. 77 Ϯ 7; P ϭ 0.02) and no change in the further follow-up. Mean arterial pressure slightly decreased in patients randomized to nadolol after 6 months (from 93 Ϯ 8 to 91 Ϯ 9 mm Hg; P Ͻ 0.01) and did not change in the further follow-up; in patients randomized to placebo, no significant change was observed at any In patients with alcoholic cirrhosis, complete abstinence was reported in 30 of 47 patients randomized to nadolol and in 31 of 45 patients randomized to placebo (P ϭ 0.61). Of the 17 patients randomized to nadolol reporting incomplete abstinence or continued alcohol abuse, 11 (65%) showed progression of liver function impairment during follow-up (increase in Child-Pugh score by 2 points or more). Conversely, of the 14 patients randomized to placebo, 8 showed progression of liver function impairment (57%). The difference was not significant ( 2 ϭ 0.18; P ϭ 0.67). Compliance to treatment was considered inadequate in some part of the follow-up in 14 patients randomized to nadolol and in 10 patients randomized to placebo (P ϭ 0.47).
In the 10 patients randomized to nadolol in whom HVPG was measured before and after 2 years of followup, HVPG decreased in 6 and remained unchanged in 4; as an average, HVPG decreased from 12.2 Ϯ 1.1 to 11.0 Ϯ 1.5 mm Hg (P ϭ 0.009). In the 9 patients randomized to placebo in whom HVPG was measured, a decrease was observed in 2, no change in 4, and an increase in 3; as an average, no significant change was observed (from 12.3 Ϯ 1.3 to 12.5 Ϯ 1.1 mm Hg). HVPG after 2 years was significantly lower in patients randomized to nadolol than to placebo (P ϭ 0.03) (Figure 3) .
Growth of Esophageal Varices
During the study period, 9 patients in the nadolol group and 29 in the placebo group had growth of esophageal varices to F2 or F3. The cumulative risk of growth of varices at 2, 3, 4, and 5 years of follow-up was 7%, 13%, 20%, and 20% in the nadolol group, respectively, compared with 31%, 41%, 51%, and 51% in the placebo group (P Ͻ 0.001; Figure 4) . At the end of followup, the absolute difference in risk was 31% (95% confidence interval, 17%-45%). Therefore, the number of patients to be treated for 5 years to prevent an aggravation of varices was 3.2 (95% confidence interval, 2.2-5.9).
When possible confounding variables (Child-Pugh score, aggravation of Child-Pugh score, alcoholic etiology, abstinence, compliance, age, time since diagnosis of varices, ascites, center) were assessed for possible influence on outcome according to Cox's regression analysis, treatment, Child-Pugh score, and aggravation of ChildPugh score turned out to be the only predictors of aggravation of varices ( Table 2 ). The value of the ␤ coefficient for treatment implies an odds ratio in patients treated with nadolol compared with placebo of 4 (95% confidence interval, 1.95-8.4), with other prognostic factors being equal.
When patients were divided according to etiology of disease (alcoholic or nonalcoholic), the risk of growth of esophageal varices was significantly lower in patients randomized to nadolol in both groups ( Figure 5 ).
Further End Points
During follow-up, 2 patients in the placebo group experienced a variceal bleeding before a diagnosis of aggravation of varices was formulated and patients could enter a prophylaxis regimen. After the diagnosis of aggravation of esophageal varices, all patients in the 2 arms were given pharmacologic prophylaxis; during further follow-up, 2 of the 9 patients who were failures in the nadolol group and 7 of the 29 patients who were failures in the placebo group experienced a variceal bleeding.
The cumulative probability of being free of variceal bleeding from randomization was significantly higher in patients randomized to nadolol (88% at the end of follow-up) than in patients randomized to placebo (78%; P ϭ 0.02; Figure 6 ). The absolute difference in risk was 10% (95% confidence interval, 4.3%-15.7%). At variance, the cumulative probability of remaining free of variceal bleeding after a diagnosis of aggravation of esophageal varices was not significantly different (P ϭ 0.74; Figure 6 ). The severity of bleeding, as evaluated by the number of units of transfused blood, was similar (nadolol: median, 4 units; range, 2-9 units; placebo: median, 3 units; range, 2-11 units).
Regression of varices during follow-up occurred in 15 patients randomized to nadolol and 5 patients randomized to placebo. The cumulative probability of regression of varices at the end of follow-up was 24% in the nadolol group and 11% in the placebo group (P ϭ 0.03). In 3 patients, recurrence of small varices was observed after further follow-up. None progressed to F2 or F3 varices. Regression of varices was less frequent in nonabstainers with alcoholic cirrhosis (1 of 31) than in abstainers with alcoholic cirrhosis (10 of 61) or in patients with nonalcoholic cirrhosis (9 of 60), but this difference did not reach statistical significance ( 2 , 4.51; df ϭ 2; P ϭ 0.10).
Survival
Fifty-five patients died during the study period: 24 in the nadolol group and 31 in the placebo group. One and 4 patients, respectively, died from non-liverrelated causes (lymphoma, myocardial infarction, lung abscess, pancreatic tumor, accidental). The cumulative probability of not dying from hepatic causes at the end of follow-up was 50% in the nadolol group and 47% in the placebo group (P ϭ 0.33; Figure 4 ). Among possible confounding factors (Child-Pugh score, age, etiology, abstinence, compliance, duration of cirrhosis, time since diagnosis of varices), treatment did not turn out to be significantly linked to survival when Child-Pugh score and duration of cirrhosis were taken into account (P ϭ 0.61) ( Table 2) .
Discussion
In the present trial, we observed that the administration of nonselective beta-blockers in patients with cirrhosis and small esophageal varices at low risk of bleeding markedly decreased the risk of growth of esophageal varices to large varices at relevant risk of bleeding. When designing the study protocol, we had to face the problem of whether it would be better to use a doubleblind trial design, which minimizes bias in assessment of outcome but implies evident difficulties in the management of dose adjustments that are to be done in relation to heart rate during follow-up, or to use a single-blind design and limit the blindness to the endoscopist. We decided, in agreement with the ethics committee, to use a single-blind design, also because it was considered unrealistic that blindness could be kept with a drug with an evident effect on heart rate. The value of our concerns about the needs for dose adjustments during follow-up was confirmed on a post-hoc basis by the observation that, despite the fact that the mean administered doses were very similar throughout the study period, at least one adjustment in dose regimen was required by 41% of our treated patients.
As a rule, portal hypertension is a progressive condition, and its course is characterized by a progressive development of collateral circulation, including esophageal varices. Initially varices appear as small linear veins faintly protruding on the esophageal surface and then grow to tortuous varices protruding into the lumen and occupying a progressively larger amount of the esophageal lumen. Bleeding usually occurs after development of large varices. The natural history of esophageal varices has been the subject of few studies. [3] [4] [5] [6] The rate of growth of small esophageal varices ranged from 5% to 70% at 2 years of follow-up, with a median value of 30%. The reasons for this discrepancy are unclear but may include different selection of patients and different severity of the underlying liver disease. In the placebo arm of the present trial, the rate of growth of esophageal varices was very close to the median value reported in the literature.
Animal studies have already suggested that betablockers decrease the development of collateral circulation in portal vein-ligated rats, 11 in rats with secondary biliary cirrhosis, 12 and in a murine model of presinusoidal portal hypertension. 10 This effect is probably related to the decrease in blood inflow into the splanchnic system, which decreases the stimulus to a further collateralization of splanchnic blood flow. In human pathophysiologic studies, it was also shown that the effect of beta-blockers in decreasing portal pressure is more evident in patients with initial disease and with less developed collateral circulation. 24 In the present study, nadolol was also shown to be effective in decreasing HVPG in the subgroup of patients in which it was measured after 2 years of treatment, and the values of HVPG during treatment were significantly lower in patients who were treated with nadolol than in those receiving placebo (Figure 3) . Despite these promising animal and human studies, clinical evidence on this topic is limited to a single multicenter study 13 in which a mixed series of patients with small varices and without varices was investigated for a mean of 2 years. In that study, propranolol was unable to decrease the risk of growth of esophageal varices but showed a negative effect. When only patients with small varices were analyzed separately, no benefit from treatment was seen. Many drawbacks, however, limit the value of that report. First, a fixed dose of propranolol was used, and this might have been responsible for beta-blocker overdose in some patients or for an underdose in some other patients. In addition, the number of included patients with small esophageal varices was rather small, and 40% of patients treated with beta-blockers and 30% of patients receiving placebo were lost to follow-up. The elevated dropout rate is likely to have disrupted comparability of these small groups.
Our study differed from that by Calès et al. 13 in many aspects, including the drug used (nadolol), the dose regimen (regulated according to heart rate), the duration of follow-up (up to 5 years), the exclusion of patients without varices, and the lower percentage of patients with alcoholic cirrhosis. In addition, the number of dropouts was kept to a reasonable level despite a longer follow-up.
In our study, the cumulative risk of variceal bleeding from the start of treatment was rather low in both groups but was significantly lower in patients who started treatment with beta-blockers when varices were small (12% at 5 years) compared with patients who started prophylaxis once a diagnosis of large esophageal varices was obtained (22% at 5 years). These data are different from the few studies already reported. Indeed, a limited amount of information may be derived from 3 studies reporting the effect of propranolol compared with placebo in a mixed group of patients with small and large varices. In a Danish study, 25 which was prematurely interrupted after a mean follow-up of 1.5 years, the bleeding rate with propranolol was not significantly different from that with placebo in patients with either large or small esophageal varices, but exact numbers are not reported. Andreani et al. 26 and Conn et al. 27 reported subgroup analysis of small groups of patients with small varices; the former observed a smaller rate of bleeding in patients receiving beta-blockers (0% vs. 12% after a follow-up until 2 years), but this difference was not significant, and the latter did not observe any difference after a mean follow-up of 17 months. The difference between our results and the previous observations is likely to be due to the larger sample size and the longer follow-up in our series, which allowed the observation of a larger number of events.
Because more than one half of the patients in the present study had alcoholic etiology of disease, possible relationships between alcohol and treatment effect could be analyzed. It was shown that treatment with nadolol was equally effective in patients with alcoholic or nonalcoholic etiology of disease (Figure 4) , and Cox's regression analysis did not show any significant role in the occurrence of end points for alcoholic etiology or lack of abstinence from alcohol when other significant prognostic factors were taken into account. In addition, the number of patients who were abstinent during follow-up was very similar in patients randomized to nadolol or placebo; therefore, a possible effect of beta-blockers on alcohol abstinence seems unlikely.
The risk of bleeding, once patients reached the principal end point and were all treated pharmacologically, was nearly identical in patients initially treated with beta-blockers or with placebo. This indicates that, in our series, the benefit of early treatment with beta-blockers was related to the longer time patients remained in a condition of low-risk varices and to the smaller number of patients reaching a condition of high risk; once large varices developed and all patients were treated, the risk of bleeding became very similar. A further beneficial effect of early treatment may be due to the decrease in the risk of bleeding before a diagnosis of aggravation is made; indeed, in the placebo group of the present trial, 2 patients bled from varices and died of variceal bleeding before a diagnosis of aggravation was made.
The values of the risk of variceal bleeding observed in the present study imply that 10 patients need to be treated for 5 years to prevent a single bleed. These values are larger than those typically observed in prophylaxis of bleeding from large varices but are compatible with clinical use. It should be noted, however, that this study was primarily designed to assess possible effects on growth of esophageal varices and that the effect on risk of bleeding was only a secondary end point. Therefore, conclusions related to the effect on risk of bleeding should be considered preliminary. Further studies with a larger number of events are needed to give a definite answer to this question.
Mortality was not affected by treatment, but the sample size was insufficient to analyze this problem. Considering expected mortality in this kind of subject and possible improvement arising from a strategy of early treatment with beta-blockers, the sample size should have been much larger.
From the present study, it seems that treatment with beta-blockers in patients with small esophageal varices delayed the growth to large varices with a reasonable rate of adverse effects. From a clinical point of view, betablockers are already the first-choice treatment for patients with large esophageal varices. According to our data, anticipating the start of treatment to the stage of small esophageal varices delays the growth of varices and consequently decreases the overall risk of bleeding in the total population. In addition, this strategy decreases the risk of bleeding in the period in which varices may be increased but this is not already known (i.e., the period between 2 consecutive endoscopic examinations, which are usually planned at 1-to 2-year intervals). Considering the good safety profile, it may be considered reasonable to start beta-blockers earlier, at the stage of small esophageal varices.
In conclusion, the data reported in the present trial suggest that beta-blocker prophylaxis of variceal bleeding in patients with compensated cirrhosis should be started at the stage of small esophageal varices.
